Abstract. The aim of this study wasto evaluate the best energetic foodforuse in the 21 maintenance of honey bee colonies during the off-season. To do this, 20Apis mellifera 
Introduction

34
All of the nutritional needs of honey bees (Apis mellifera) for their complete 35 development, maintenance, reproduction, and longevity need to be supplied through 36 food sources available in the environment (Vaudo et al. 2015) . In nature, A. rates (Paiva et al. 2016) .
48
This nutritional stress can cause alterations in thebees' metabolic pathways that 49 influence several biological processes, including the expressionof such genes as 50 vitellogenin and hexamerin 70a. These genes are considered storage genes because they 51 give rise to proteins that are produced during the larval stage and remain stored in the 52 hemolymph and/or in the fat body (Martins et al. 2008 ).
53
Vitellogenin is important in the immune system and longevity of bees because 54 this protein is a zinc carrier, and thus protects many cell lines against oxidative stress 55 and apoptosis. Decreased expression of this gene product due to high expression levels 56 of juvenile hormone was also previously shown to be related to reductions in the 57 numbers of functional hemocytes in forager bees due to decreases in the quantity of zinc 58 carried by vitellogenin (Falchuk 1998; Pinto et al. 2000; Amdam et al. 2004; Harwood et 59 al. 2016) .
60
Hexamerin 70a is a gene related to storage, which is expressed in the larval, 61 pupal, and adult stages of workers, queens, and drones, and is the only protein with a 62 hexamerin subunit present in significant quantities in the fat body and adult hemolymph 63 ofA. mellifera. The synthesis of hexamerins, specifically the subunit 70a, like thatof 64 vitellogenin, is directly related to the quantity and quality of food intake. In older
65
worker bees, such as forager bees, the levels of this protein are reduced due to the fact 66 4 thatsuch bees have a low-protein diet, since they do not collect and consume much 67 pollen and insteadpreferably consume nectar (Martins et al. 2008) .
68
Beekeepersoften provide artificial food to their colonies in the off-season to 69 lessen the negative effects that occur to bee colonies during this period in which food 70 resources are drastically reduced, and thus ensure the survival and good performance of 71 the colony.Therefore, the objective of this study was to select the best energetic food to 72 be offered to bee colonies so that theirmaintenance is guaranteed during the off-season.
73
This was done whiletaking into account the food consumption, population development,
74
and physiological state of the colonyin terms of the expression of the genes for 75 vitellogenin and hexamerin 70a when bee colonies were provided different foods. 
Materials and methods
77
Field experiment
78
For the field experiment, 20 Apis mellifera beehives were selected, and the 79 number of brooding and feeding frames in them were standardized. The food treatments 80 used were the following: control (CTL), in which no artificial food was provided; 81 feeding with sugarcane juice (SJ) produced by the research laboratory itself; feeding 82 with sugar syrup (SS) prepared using pre-boiled filtered water and commercial crystal 83 sugar; and feeding with inverted sugar (IS) purchased from Atrium Food Group,
84
Campinas, Sao Paulo, Brazil. 
93
The number of brooding and feedingframes was quantified weekly by visual 94 examination. Physicochemical analyses of the food provided were carried out at the The collection of bees for use in the analysis of the relative expression levels of 103 the selected genes was done on day 0, which was used as experimental control, as well 104 as on day 30, which was identified as "Moment 1" (M1) of the collection, and on day 105 60, which was designated as "Moment 2" (M2) of the collection. Five worker bees 106 developing nursing behavior were collected from the central group, which were 107 identified as nursing bees (N), and 5 worker bees were also collected that were carrying 108 pollen in their corbicle, which in turn were identified as forager bees (F). During the 109 experimental period, all ofthe colonies receiving the SJ treatment died, which made it 110 impossible to collect these bees for analysis. After collection, the bees were 111 immediately stored in a freezer at-80 °C for future RNA extraction. 
Results
155
On mean ± standard deviation, .When significant deviations (P<0.05) from these assumptions were detected, the data were compared using the non-parametric Mann and the median and interquartile intervals (Q1_Q3) were presented. When no significant normality and homoscedasticity were detected, the data were analyzed , and the mean ± standard deviation values were presented below 0.05 were considered significant. All statistical analyses were performed tab statistical software. ± standard deviation, 0.994.8 ± 310, 894.6 ± 291, and 433.9 ± 227.6 , respectively, were consumed weekly. The CTL 100, 75, 0, and 0% colony losses, respectively.
2008). For each reaction, a negative
The efficiency of the oligonucleotides (E) was calculated from 4 dilutions of using the formula E = 10 (-(R) was determined (2001), defining the crossing point as the point at which the detected using the formula:
food consumption, population development, and gene Darling test) and homogeneous from these assumptions parametric Mann-Whitney test, and the median and interquartile intervals (Q1_Q3) were presented. When no significant normality and homoscedasticity were detected, the data were analyzed , and the mean ± standard deviation values were presented. Pes were performed and 433.9 ± 227.6 CTL, SJ, SS, and IS Table II . Significant differences were observed in the analysis ofSJ ash (0.27 ± 160 0.02%),in that this value differed significantly from that for SS (0.01 ± 0.001%), but not 161 from that for IS (0.11 ± 0.04%).
162
The calorimetric analysis of the foods showed that SS presented the highest significantly from those found for SJ (21.15 ± 1.6%) and IS (0.82 ± 0.01%).
168
The data contained in Table III has a composition closer to that of the bees' natural food, it was, at least in 243 bromatological terms, the best source of artificial food for bees that was tested in this 244 study. The loss of all of the colonies subjected to the SJ treatment over the period. This result may be related to several factors, such as food viscosity, energetic 267 value, and the maintenance of foodintegrity and quality at room temperature.
268
The vitellogenin expression levels observed after 60 days of feedingsuggested and also ensured that the bees were in a better physiological state. This showed that this 284 wasthe most beneficial artificial energetic food tested in this study. 
